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Abstract
Background: This study evaluated the outcomes of patients with complex or persistent thoracobiliary
fistulae following penetrating liver trauma, who underwent endoscopic biliary intervention at a tertiary
referral centre.
Methods: All patients who underwent endoscopic retrograde cholangiography (ERC) and endoscopic
biliary intervention for traumatic thoracobiliary fistulae between 1992 and 2008 were evaluated. Bile duct
injuries were classified according to their biliary anatomic location on cholangiography and type of
pulmonary communication.
Results: Twenty-two patients had thoracobiliary (pleurobiliary, n = 19; bronchobiliary, n = 3) fistulae. The
site of the bile duct injury was identified in 20 patients on cholangiography. These 20 patients underwent
either sphincterotomy and biliary stenting (n = 18) or sphincterotomy alone (n = 2). In 17 patients the
fistulae resolved after the initial endoscopic intervention. Three patients required secondary stenting with
replacement of the initial stent. Three patients developed mild pancreatitis after stenting and one stent
migrated and was replaced. All fistulae healed after endoscopic treatment. In 18 patients the stents were
removed 4 weeks after bile drainage ceased. Three of the 22 patients required a thoracotomy for infected
loculated pleural collections after initial catheter drainage.
Conclusions: Endoscopic retrograde cholangiography is an accurate and reliable method of demon-
strating post-traumatic thoracobiliary fistulae and endoscopic biliary intervention with sphincterotomy
and stenting in this situation is safe and effective. Surgery in patients with thoracobiliary fistulae should
be reserved for fistulae which do not heal after endoscopic biliary stenting or for patients who have
unresolved pulmonary or intra-abdominal sepsis as a result of bile leak.
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Introduction
The liver is the most commonly injured solid organ in patients who
sustain major abdominal trauma.1–3 In the past decade, there has
been an increasing trend towards the non-operative management
of liver trauma and there is now a substantial body of evidence to
support the selective non-operative management of stable patients
with blunt and penetrating liver injuries.4–6 However, liver-related
complications including intra-abdominal and subphrenic
abscesses, delayed bleeding from the liver, haemobilia, intraperito-
neal bile collection and biliary fistulae occur in 3–5% of patients
who have been treated non-operatively or in those who have under-
gone a laparotomy to control bleeding from the liver.7–9 Thoraco-
biliary fistulae, which include pleurobiliary and bronchobiliary
fistulae, are considerably less common and, to date, published data
on their endoscopic management are scant.10–12
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Advances in radiological imaging using ultrasound, computed
tomographic (CT) scanning and magnetic resonance imaging
have enhanced non-operative assessment of the extent and mag-
nitude of liver injuries and broadened the indications for conser-
vative management. Radiological intervention with percutaneous
catheter drainage of intrahepatic or subphrenic abscesses and
infected bile collections and selective hepatic artery angiography
with embolization of bleeding intrahepatic false aneurysms have
further extended the non-operative management of liver
injuries.13–15 Endoscopic biliary stenting is now the established
treatment in selected patients with persistent bile duct leaks fol-
lowing laparoscopic cholecystectomy16–18 and endoscopic manage-
ment has been shown to be safe and effective in patients who
develop bile leaks after elective liver surgery. However, the optimal
mode of management of persistent bile leaks in patients who have
sustained major liver injuries has not been clearly established. This
study assessed the efficacy of endoscopic biliary intervention in
patients with complex or persistent bile leakage caused by thora-
cobiliary fistulae complicating penetrating liver trauma.
Materials and methods
All patients with complicated or persistent thoracobiliary fistulae
after penetrating thoracoabdominal liver trauma who were
referred to the surgical gastrointestinal endoscopy unit at Groote
Schuur Hospital, Cape Town, a tertiary referral centre for adult
trauma and hepatobiliary diseases, between October 1992 and
June 2008, were evaluated. Data were obtained from patient notes
and the surgical, radiological and endoscopic retrograde cholan-
giography (ERC) records. Data included demographic informa-
tion, the grade of liver injury, initial and subsequent surgical
procedures, mode of presentation of the biliary fistula, endoscopic
biliary drainage procedures performed, the site of the bile duct
injury and outcome of management. Morbidity was assessed in
terms of associated injuries, loculated pleural collections or empy-
emas, persistent biliary leaks despite intervention, and complica-
tions related to endoscopic sphincterotomy and biliary stent
placement. All patients admitted to the Trauma Centre with pen-
etrating liver injuries were resuscitated according to advanced
trauma life support protocols19 and were managed according to
standard guidelines.7,8,9,20 The extent of the liver injury was
assessed either at laparotomy or on CT imaging and graded
according to the organ injury scale of the American Association
for the Surgery of Trauma.21
Thoracobiliary fistulae were categorized as either pleurobiliary
(when the bile leak in the chest was confined to the pleural space)
or bronchobiliary (when the patient had bile-stained sputum
caused by a communication between the biliary and bronchial
systems). In the data analysis, the site of the bile duct injury was
categorized as either intrahepatic (central or peripheral) or extra-
hepatic. Central intrahepatic biliary injuries were arbitrarily
defined as those involving the proximal right and left hepatic or
segmental ducts within 5 cm of the hepatic duct confluence
(Fig. 1). Peripheral biliary injuries were defined as those within
the hepatic parenchyma more than 5 cm from the hepatic duct
confluence (Fig. 2). If a bile leak was identified at ERC, an endo-
scopic sphincterotomy was performed and a 10-Fr biliary stent
inserted to facilitate effective bile drainage.
Results
A total of 22 patients were referred for assessment and treatment
of persistent thoracobiliary fistulae during the study period. They
included 21 men and one woman. Their mean age was 27.0 years
(range 13.9–56.4 years). Seventeen had sustained gunshot wounds
and five had stab wounds. Twenty patients had grade 3 liver inju-
ries and two had grade 4 injuries.
Eleven of the 22 patients were managed non-operatively after
the initial liver injury. Of the remaining 11 patients who under-
went urgent surgical exploration, two had active liver bleeding
which was controlled by temporary packing (n = 1) or suturing
(n = 1), two had major bleeding and required liver packing to stop
the bleeding and subsequent re-operation for removal of packs,
five had bile leakage treated with placement of external drains, and
two required no further intervention at laparotomy after evacua-
tion of blood clot. Four of these 11 patients required a second
operation, and two required more than two surgical procedures.
The additional procedures included removal of liver packs (n = 2),
thoracotomy and drainage of an infected pleural collection
Figure 1 Endoscopic retrograde cholangiogram demonstrating a
right hepatic duct injury with extensive extravasation of contrast
(intrahepatic central type injury)
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(n = 3), and a laparotomy for adhesive small bowel obstruction
(n = 1).
All 22 patients developed bile collections in the right pleural
space which were drained via either an intercostal chest drain
(n = 20) or radiologically guided catheter placement for a locu-
lated chest collection (n = 2). Three of the 22 had bilioptysis
resulting from bronchobiliary fistula. Seven of the 22 patients also
had intra-abdominal bile collections which were drained percu-
taneously under radiological guidance. One patient developed a
biliary–cutaneous fistula through an abdominal drain and
another patient had a biliary–pleural–cutaneous fistula which
decompressed spontaneously through the wound site.
The 22 patients underwent ERC at a mean of 13.2 days after the
liver injury. The papilla and common bile duct were successfully
cannulated in all 22 patients and the site and extent of the biliary
leak were identified in 20 patients. Nineteen biliary injuries
involved the intrahepatic bile ducts (17 peripheral, two central),
whereas one injury was extrahepatic and involved the proximal
right hepatic duct 1 cm above the hepatic duct bifurcation. No bile
leak could be identified in two patients who underwent ERC; the
external bile drainage in both these patients gradually diminished
and stopped spontaneously within 10 days of the ERC. Twenty
patients underwent a therapeutic procedure, whereas two patients
underwent diagnostic procedures only as no site of injury was
demonstrated. Eighteen patients underwent sphincterotomy and
placement of a 10-Fr biliary stent and two patients underwent
endoscopic sphincterotomy alone. No patient required surgical
intervention for the bile duct injury. The bile leak in the patient
with an extrahepatic proximal right hepatic duct injury resolved
after endoscopic sphincterotomy. External biliary drainage
resolved in 17 patients at a mean of 18 days (range 6–40 days) after
biliary stenting. Three patients had persistent bile leakage despite
initial endoscopic stenting and required insertion of a second
biliary stent to enhance biliary drainage into the duodenum. In all
three of these patients, external bile drainage stopped soon after
insertion of the second biliary stent. The stents in 18 patients were
removed 4 weeks after the external bile drainage had stopped.
Endoscopic cholangiograms performed during stent removal
confirmed resolution of the bile leaks in all patients.
Three patients developed mild post-endoscopic retrograde
cholangiopancreatography pancreatitis with an elevated serum
amylase which resolved spontaneously 3–5 days after stent inser-
tion. In one patient the endoscopically placed stent migrated and
lodged in the transverse colon, from which it was removed by
colonoscopy and a new biliary stent was inserted. One patient
presented with haemobilia caused by an arteriovenous fistula
between the hepatic artery and the portal vein after a stab wound.
The fistula was successfully treated via selective right hepatic
artery catheterization and embolization using microcoils.
Twelve of the 22 patients developed loculated chest collections
or pleural empyemas after the initial chest drainage. Nine of the 12
patients were managed conservatively with further chest drainage
and antibiotics with complete resolution. Three patients ulti-
mately required a thoracotomy and operative drainage of an
infected pleural collection. There were no deaths in any of the
patients in this study.
Discussion
Thoracobiliary fistulae are infrequently encountered in clinical
practice and usually occur as a complication of amoebic or pyo-
genic liver abscesses, hydatid disease or as a consequence of iatro-
genic liver injuries. Although the reported incidence of external
biliary fistulae after liver trauma is in the range of 2–4%,22,23 tho-
racobiliary fistulae are considerably less common after trauma
and result from the combination of an injured intrahepatic duct,
an overlooked or inappropriately treated diaphragmatic injury
and preferential leakage of bile into the pleural space or bronchial
system.10–12 The spectrum of post-traumatic thoracobiliary fistu-
lae ranges from small bile-stained pleural effusions which resolve
after chest drainage, to large symptomatic, infected, persistent
pleurobiliary fistulae and rare bronchobiliary fistulae with biliop-
tysis caused by an associated bronchial injury.10
Figure 2 Endoscopic retrograde cholangiogram showing a segment
8 hepatic duct injury (intrahepatic peripheral type injury)
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Although most low-volume biliary fistulae resolve after drain-
age of the pleural bile collection and treatment of sepsis, the
failure rate of conservative treatment of large thoracobiliary fis-
tulae without endoscopic or surgical intervention is reported to be
as high as 38%.12 Persistence of fistulae is the consequence of
negative pressure within the pleural space during inspiration and
a relatively elevated pressure within the biliary system as a result of
an intact sphincter of Oddi.10,11 Persistent thoracobiliary fistulae
prolong hospitalization and may result in intractable sepsis, bile
peritonitis or haemobilia and require further intervention to
achieve resolution. In the past, the conventional treatment for
post-traumatic thoracobiliary fistulae was operative interven-
tion.12 However, surgery is a major procedure and involves a tho-
racotomy, pleural decortication and diaphragmatic repair. Some
patients may require a segmental lung resection as well as a lap-
arotomy, which further compounds morbidity.24,25 A substantial
proportion of patients with complex persistent thoracobiliary
fistulae also have major associated injuries of the head, chest,
abdomen or extremities, which complicate overall manage-
ment.2,5,7 In these situations, non-operative treatment is
preferable.
Endoscopic biliary stenting avoids the risks of major surgery
and, with effective biliary decompression, causes the bile leak to
resolve, enabling patients who have major associated injuries to
recover.26,27 Placement of an endoscopic biliary stent facilitates
effective bile drainage into the duodenum by negating sphincter of
Oddi resistance and reduces bile duct pressure with healing of the
fistula.28 Previous reports of endoscopic treatment of bile leaks in
adults have included a variety of techniques.26,28 Most modern
techniques now use endoscopic transampullary biliary stenting
with or without sphincterotomy, although sphincterotomy alone
and nasobiliary intubation have been used to avoid a second
endoscopy.29 The advantages of nasobiliary tubes include the easy
access they allow for follow-up cholangiography and flushing and
the fact that they can be removed easily without the need for
further endoscopy. Despite these benefits, nasobiliary tubes are
uncomfortable, tend to dislodge easily and may cause electrolyte
disturbances as a result of large-volume external bile losses and are
therefore not commonly used in current endoscopic practice.29
Two other novel techniques have been used to treat biliary fistulae
that persist despite biliary stenting. The first uses endoscopic
embolization of the involved peripheral intrahepatic bile duct
close to the origin of the fistula with an Ivalon pledget.30 The
second technique employs percutaneous embolization of the
fistula with microcoils, gelfoam and Histoacryl.31 Both techniques
require advanced interventional skills and should be considered
only when conventional methods have failed and the appropriate
endoscopic or radiological expertise is available.
There is no consensus regarding optimal endoscopic interven-
tion nor is there controlled data to indicate the optimal number,
configuration, size and length of endoprostheses required for suc-
cessful management of post-traumatic thoracobiliary fistulae.32
Experimental data show that flow rates are better in vitro through
straight rather than pigtail stents, and fistula closure is more rapid
in dogs with stents compared with sphincterotomy alone.33 The
ideal duration for biliary stenting is not known, and has varied
from 3 to 8 weeks in previous reports.26,29 We used single 10-Fr
plastic stents in preference to the smaller 7-Fr stents, which carry
the risk of early stent occlusion by inspissated bile. In this study
the stents were left in situ for 4 weeks after external bile drainage
had stopped. Using this protocol, all the fistulae in our study
healed without recurrence. Endoscopic biliary intervention does,
however, have complications. The major acute problems after
biliary manipulation and stenting are pancreatitis, cholangitis,
bleeding from the sphincterotomy site and, rarely, duodenal per-
foration. Later difficulties encountered are cholangitis caused by
stent blockage, dislodgement or stent migration. Three patients in
this study developed short-lived pancreatitis after sphincterotomy
and stent placement, which resolved spontaneously, and one
patient required replacement of a new stent after stent migration.
In conclusion, this study demonstrates that the application of
ERC represents a significant advance in the treatment of persistent
biliary fistulae associated with liver trauma. Importantly, our data
demonstrate that ERC is an accurate method for identifying post-
traumatic thoracobiliary fistulae and that endoscopic manage-
ment is safe and effective. Equalization of duodenal and biliary
pressures using biliary stenting was sufficient to allow ductal
healing and closure of the fistula. We recommend that surgery
should be reserved for patients with persistent thoracobiliary fis-
tulae which do not heal after endoscopic biliary stenting or with
unresolved pulmonary or intra-abdominal sepsis as a result of the
bile leak.
Conflicts of interest
None declared.
References
1. Terblanche J, Krige JEJ. (1990) Injuries to the liver and bile ducts. In:
Williamson RCN, Cooper MJ, eds. Emergency Abdominal Surgery.
Clinical Surgery International, Vol. 17. London: Churchill Livingstone, pp.
21–35.
2. Krige JEJ. (1995) Advances in the management of complex liver trauma.
In: Papastamatiou L, ed. European HPB Surgery. Bologna: Monduzzi
Editore, pp. 877–884.
3. Terblanche J, Krige JEJ (1998) Hepatobiliary trauma. In: Bircher J, Ben-
hamou J-P, McIntyre N, Rizzetto M, Rodes J, eds. Oxford Textbook of
Clinical Hepatology. Oxford: Oxford Medical Publications, pp. 2029–
2038.
4. Krige JEJ, Terblanche J. (2004) Liver trauma. In: Kamel R, Lumley JSP,
eds. Textbook of Tropical Surgery. London: Westminster Publishing, pp.
559–562.
5. Krige JEJ. (2004) Liver trauma. In: Nicol AJ, Steyn E, eds. Handbook of
Trauma. Cape Town: Oxford University Press, pp. 249–257.
6. Omoshoro-Jones AO, Nicol AJ, Navsaria PH, Zellweger R, Krige JEJ,
Kahn D. (2005) Selective non-operative management of liver gunshot
injuries. Br J Surg 92:890–895.
7. Krige JEJ, Bornman PC, Terblanche J. (1997) Liver trauma in 446
patients. S Afr J Surg 35:10–15.
174 HPB
HPB 2009, 11, 171–175 © 2009 International Hepato-Pancreato-Biliary Association
8. Krige JEJ, Bornman PC, Terblanche J. (1992) Therapeutic perihepatic
packing in complex liver trauma. Br J Surg 79:43–46.
9. Marr JDF, Krige JEJ, Terblanche J. (2000) Analysis of 153 gunshot
wounds of the liver. Br J Surg 87:1030–1034.
10. Navsaria PH, Adams S, Nicol AJ. (2002) Traumatic thoracobiliary fistulae:
a case report with a review of the current management options. Injury Int
J Care Injured 33:639–643.
11. Sheik-Gafoor MH, Singh B, Moodley J. (1998) Traumatic thoracobiliary
fistula: report of a case successfully managed conservatively, with an
overview of current diagnostic and therapeutic options. J Trauma 45:819–
821.
12. Oparah SS, Mandal AK. (1978) Traumatic thoracobiliary (pleurobiliary and
bronchobiliary) fistulas: clinical and review study. J Trauma 18:539–544.
13. Beningfield SJ, Bornman PC, Krige JEJ, Terblanche J. (1991) Control of
haemobilia by embolization of a false aneurysm and arterio-portobiliary
fistula of the hepatic artery. Am J Radiol 156:1263–1265.
14. Corr P, Beningfield SJ, Krige JEJ. (1992) Selective hepatic artery embo-
lization in complex liver injury. Injury 23:347–349.
15. Forlee MV, Krige JEJ, Welman CJ, Beningfield SJ. (2004) Haemobilia after
penetrating and blunt liver injury: treatment with selective hepatic artery
embolization. Injury 35:23–28.
16. Rauws EAJ, Gouma DJ. (2000) Endoscopic and surgical management of
bile duct injury after laparoscopic cholecystectomy. Best Pract Res Clin
Gastroenterol 18:829–846.
17. Csendes A, Navarrete C, Burdiles P, Yarmuch J. (2001) Treatment of
common bile duct injuries during laparoscopic cholecystectomy: endo-
scopic and surgical management. World J Surg 25:1346–1351.
18. Schmidt SC, Langrehr JM, Hintze RE, Neuhaus P. (2005) Longterm
results and risk factors influencing outcome of major bile duct injuries
following cholecystectomy. Br J Surg 92:76–82.
19. American College of Surgeons' Committee on Trauma. (1989) Advanced
Trauma Life Support Manual. Chicago: American College of Surgeons,
pp. 11–242.
20. Nicol AJ, Hommes M, Primrose R, Navsaria PH, Krige JEJ. (2007)
Packing for control of haemorrhage in major liver trauma. World J Surg
31:569–574.
21. Moore EE, Cogbill TH, Jurkovich GJ, Shackford SR, Malangoni MA,
Champion HR. (1995) Organ injury scaling: spleen and liver (1994 revi-
sion). J Trauma 38:323–324.
22. Hollands MJ, Little JM. (1991) Post-traumatic bile fistulae. J Trauma
31:117–120.
23. Amours SK, Simons RK, Scudamore CH, Nagy AG, Brown DRG. (2001)
Major intrahepatic bile duct injuries detected after laparotomy: selected
non-operative management. J Trauma 50:480–484.
24. Brunaud L, Sebbag H, Bresler L, Tortuyaux JM, Boissel P. (2000) Left
hepatic duct injury and thoracobiliary fistula after abdominal blunt
trauma. Hepatogastroenterology 47:1227–1229.
25. Coselli JS, Mattox KL. (1983) Traumatic bronchobiliary fistula. J Trauma
23:161–162.
26. Sugiyama M, Atomi Y, Matsuoka T, Yamaguchi Y. (2000) Endoscopic
biliary stenting for treatment of persistent biliary fistula after blunt hepatic
injury. Gastrointest Endosc 51:42–44.
27. Lubezky N, Konikoff FM, Rosin D, Carmon E, Kluger Y, Ben-Haim M.
(2006) Endoscopic sphincterotomy and temporary internal stenting for
bile leaks following complex hepatic trauma. Br J Surg 93:78–81.
28. Horratas MC, Lewis RD, Fenton AH, Awender HM. (1994) Modern con-
cepts in the non-surgical management of traumatic biliary fistula. J
Trauma 36:186–189.
29. Castagnetti M, Houben C, Patel S, Devlin J, Harrison P, Karani J et al.
(2006) Minimally invasive management of bile leaks after blunt liver
trauma in children. J Pediatr Surg 41:1539–1544.
30. Krige JEJ, Bornman PC, Beningfield S, Terblanche J. (1990) Endoscopic
embolization of external biliary fistulas. Br J Surg 77:581–583.
31. Hunt JA, Gallagher PJ, Heintze SW, Waugh R, Shiel GR. (1997) Percu-
taneous microcoil embolization of intraperitoneal intrahepatic and extra-
hepatic biliary fistulas. Aust N Z J Surg 67:424–427.
32. Mehta SN, Pavone E, Barkun JS, Cortas GA, Barkun AN. (1997) A review
of the management of post-cholecystectomy biliary leaks during the
laparoscopic era. Am J Gastroenterol 92:1262–1267.
33. Kaffes AJ, Hourigan L, De Luca N, Byth K, Williams SJ, Bourke MJ. (2005)
Impact of endoscopic intervention in 100 patients with suspected post-
cholecystectomy bile leak. Gastrointest Endosc 61:269–275.
HPB 175
HPB 2009, 11, 171–175 © 2009 International Hepato-Pancreato-Biliary Association
